Abstract-Non-linear loads are very common in present industrial facilities, office buildings and even in our homes. This loads present several Power Quality problems to the electrical grid. The conventional solutions do not solve these problems in a suitable way. Therefore, it is necessary to find new solutions such as Active Power Filters. This paper presents and discusses the main steps that are necessary to implement a Three Phase Four Wire Shunt Active Power Filter from theory to field tests. Therefore it is a contribution on several topics. Starting with the main control theories used on this topology, it explains the p-q Theory in a more detailed way. It also gives a brief presentation of some modulation techniques. There are presented computational simulation results and field tests results of the developed filter operating in an industrial facility.
INTRODUCTION Non-linear loads are commonly present in industrial facilities, office buildings and even in our homes. They present several Power Quality problems to the electrical grid and can introduce economic wastes derived from the malfunction or even because of the destruction of electrical equipments. Other important aspect of several loads is the consumption of reactive power, introducing low power factor and increasing the installation electrical losses.
The conventional solutions, such as tuned passive filters for current harmonics and capacitor banks for power factor correction, do not solve these problems in a suitable way. Many times these solutions can cause other problems, such as resonances. Therefore, it is necessary to find new solutions to these problems. Shunt Active Power Filters are a more effective alternative than the conventional solutions. They allow the dynamic compensation of current harmonics, power factor and unbalances correction, without causing the problems that the passive filters and capacitor banks can cause. This paper presents simulation results and field test results of a three-phase, four wire Shunt Active Power Filter operating in an industrial facility. It presents and discusses the main steps that are necessary to implement a Shunt Active Power Filter, beginning with the control theories, passing through the modulation techniques and finalizing with a comparison between simulation and field tests results. It is a contribution on several topics. First contributes for an easy understanding of Shunt Active Power Filters, secondly gives some design details, and finally presentation of field results which allows validating the simulation models.
II.
CONTROL SCHEME
A. P-Q Theory
The control of the developed Shunt Active Power Filter relies in the p-q Theory proposed by Akagi et al. [1] , with the "Sinusoidal Source Currents" algorithm implemented. To use this control, it was necessary to implement a Phase-Lock Loop Circuit (PLL) that extracts the positive sequence values of the source voltages. Although it has been used a PLL circuit in this case, there are other several methods to perform this task. Methods like band-pass filter [2] or a low-pass filter [3] , are also a solution to obtain the positive sequence values of the source voltages can also be used. After obtain the positive sequence values of the source voltages is applied to them and to the load currents i a , i b , i c the --0 transformation, (2) and (1) respectively. 
Then the instantaneous real power, p, the instantaneous imaginary power, q, and the instantaneous zero-sequence power, p 0 , are calculated in the new reference frame (3). 
Through a sliding window average algorithm, it is obtained the value of the instantaneous real power (p ) Using the value of p and p is calculated the alternating part of the real power, p , and the mean value of the instantaneous zero-sequence power, p 0 These values and p reg , which corresponds to the DC link voltage regulation, instantaneous active power, are used to calculate p x and q x (4) (5)
Using p x and q x it is possible to determine the --0 reference currents that should be generated by the Active Filter inverter (6) (7). 
The compensating reference currents i c and i c are then converted to the a-b-c coordinates system and the reference compensating currents (i ca , i cb , i cc , i cn ) are then determined using (8) and (9). 
Although that p-q Theory is a good solution to determine the current components that must be compensated, there are several other current reference generation strategies based on frequency-domain or time-domain. The frequency domain strategies involve the Fourier transform calculations to obtain the compensations reference harmonics currents [4] . The time-domain control strategies usually involve power theories. In this area besides the p-q Theory it can be used the FBD (Fryze -Buchholz -Depenbrock) Theory [5] or Conservative Power Theory, CPT [6] . Each one of these solutions has advantages and drawbacks, which must be evaluated according to the electrical system characteristics and the final results that one wants obtain.
B. DC Link Voltage Regulation
The DC link capacitor voltage must be correctly controlled so that the Active Filter performance doesn't be compromised. An incorrect DC link capacitor voltage regulation could lead to undesired harmonics in the compensation currents.
In this case, the DC link capacitor voltage is controlled by a Proportional (P) controller that generates a p reg signal which is proportional to the error between the DC link reference voltage and the measured value of the DC link voltage (6). The p reg signal is then introduced in the p-q Theory calculations as seen in (4). This allows to regulate the DC link capacitor while maintaining the system currents sinusoidal and in phase with the voltages.
The DC link capacitor voltage can also be regulated using instead of a proportional controller, a proportional-integral (PI) controller.
III.
ACTIVE POWER FILTER TOPOLOGY The implemented Active Filter topology ( Fig.1 ) is composed by a three-phase four wire voltage-source inverter. The neutral wire is connected toa an IGBT arm, as all the phase wires. The inverter has one 4500 F capacitor in the DC side and is shunt connected with the electrical grid through four 3.5 mH inductors.
The passive filters are an important part of the Active Filter. They must be dimensioned so that the switching frequency doesn't affect the source currents THD after the compensation. Careful design must be taken to also prevent the interference of the passive filters with the control of the Active Filter.
In this paper is presented an Active Filter where has been used only an inductor has passive filter, but the passive filter configuration can be a LC or LCR, or even more complex topologies. Each one of these topologies has advantages and drawbacks, which must be weighted according with the type of loads that will be compensated, the IGBT switching frequency, the control of the Active Filter and the final cost. CURRENT CONTROL AND MODULATION TECHNIQUES The modulation technique used in simulations and implementation of the Active Power Filter was Periodic Sampling. This is a simple modulation technique that does not work with a fixed switching frequency [7] it only establishes an upper frequency limit. The control of the synthetized currents is done comparing the reference current (i cx ) with the current produced by the inverter (i fx ).the result of that comparison is sent to a D type flip-flop (Fig.2) .
There are other modulation schemes that have been successfully applied to Shunt Active Filters, namely: carrierbased pulse width modulation, hysteresis band modulation, and space-vector modulation [7] .
Carrier-based pulse width modulation (CB-PWM) is a modulation technique that is implemented comparing the current reference signal (i cx ) with a triangular carrier [8] . The IGBTs are then actuated accordingly with that comparison (Fig.3) . The switching frequency is defined in this case by the triangular carrier frequency.
Other modulation technique that can be used in Shunt Active Power Filters is hysteresis band modulation technique. In this case the reference current (i cx ) is compared with the synthetized current (i fx ). The IGBTs are switched when the error of the comparison exceeds a hysteresis band (Fig.4) . The most complex modulation technique used in Active Power Filters is space-vector modulation. This modulation technique requires that the reference currents (i ca , i cb , i cc ) and the inverter currents be converted to a -reference frame. The inverter IGBT switching state vectors are defined according to the position of the current reference vectors in this reference frame. ACTIVE POWER FILTER SIMULATIONS MODELS Before the implementation of the Shunt Active Power Filter it was developed a simulation model using PSIM software. With PSIM it is possible to simulate in the same model the hardware and the control. PSIM supports blocks that allow users to use C code. This feature has two main advantages. First it allows testing the performance of the control scheme in a way much closer to the final control that will be implemented in the DSP. Second with the minimum effort, the C code used in the simulation can be easily translated to the DSP code and some implemented functions can even be used directly in the DSP.
In order to guarantee an accurate simulation model, the main hardware characteristics of the Active Filter and loads were modeled. Also, the signals that will be measured by the ADCs, were simulated using variables with the same bits resolution that the real ones. It was intended to test the three phase Shunt Active Power Filter in an industrial environment. In order to predict the behavior of the Active Filter in the field tests, the industrial testing facility electrical installation was monitored, to assess the electrical profile.
VI.
SIMULATION RESULTS In the industrial facility, a textile industry, the loads are an industrial textile machine and several mechanisms with variable speed drives. The load currents have high distortion levels (Fig. 6) , confirming that the loads are mainly nonlinear loads. The neutral currents are very low, indicating that the loads are balanced. presented th hat the curren in the textile i he voltages a nced, so there ectrical install mpensation th y sinusoidal f s (Fig. 8) As can be seen similar to th cates that the i are required rbed by the lo
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